Abstract. The metabolism of xenobiotics plays a fundamental role in smoking-related lung function loss and the development of pulmonary disease. An NRF2-dependent response is a key protective mechanism against oxidative stress. In the present study, we evaluated the effect of single nucleotide polymorphisms in NRF2 genes on the level of forced expiratory volume in one second (FEV1) in lung cancers of smokers. We genotyped the status of NRF2 gene polymorphisms in 209 surgically treated lung cancer cases of smokers using TaqMan polymerase chain reaction (PCR). The results demonstrated the mean FEV1 in patients with
Introduction
Cigarette smoking (CS) is the main etiology of chronic obstructive pulmonary disease (COPD) and lung cancer. They share a common environmental risk factor in CS exposure and a genetic predisposition (1) , as indicated by the fact that 15-30% of smokers developed COPD or lung cancer (2) . Fifty to 80% of lung cancer patients have pre-existing COPD, compared with a 15-20% prevalence of COPD in the general smoking population (3) (4) (5) . Findings of previous studies demonstrated that smokers with COPD are at an increased risk for developing lung cancer (6, 7) . Even a small reduction in forced expiratory volume in one second (FEV1), a marker of airflow obstruction, constitutes a significant predictor of lung cancer (8) . Findings of a previous study suggested that in chronic smokers, airflow limitation (or reduced FEV1) is a strongly genetically determined response to CS (9) . The contribution of genetic factors to the variance in FEV1 might therefore be much greater than that from CS exposure dose (10) .
Nuclear factor (erythroid derived 2)-like 2 (NRF2, gene name designated as NFE2L2), is a master transcriptional activator of genes encoding numerous cytoprotective enzymes that are induced in response to environmental and endogenously derived oxidative/electrophilic agents (11) (12) (13) . Oxidative stress is able to amplify the inflammatory response and the loss of NRF2 activity in COPD lungs may contribute to the increased susceptibility of COPD patients to lung cancer by regulating the expression of numerous anti-oxidant and detoxifying enzymes, thereby enhancing lung inflammation (14, 15) . In animal models, NRF2 plays an important role in reducing inflammation associated with elastase-induced emphysema (16) . Attenuation of NRF2 due to the downregulation of the NRF2 mRNA has been detected in alveolar macrophages of COPD patients (17) . Single-nucleotide polymorphisms (SNPs) in the promoter region of NRF2 gene affect transcriptional activity. Additionally, one of the SNPs is associated with the development of acute lung injury (18) . NRF2 gene promoter SNP has been identified to be potentially correlated with carcinogenesis (19) . The SNP rs2364723 in the first intron of NRF2 gene has been shown to correlate with a lower FEV1 in a Caucasian population (20) . Association between another the NRF2 SNP rs6726395 and smoking status affected the annual decline in FEV1 in a Japanese cohort (21) .
To analyze the association between the NRF2 SNPs and FEV1 status in Japanese lung cancer of smokers, we investigated three NRF2 SNPs statuses at the untranslated 5' region using the real-time reverse transcription-polymerase chain reaction (PCR) assay using TaqMan probes. The findings were compared to the clinicopathologic parameters of the lung cancers.
Patients and methods
Patients. This retrospective study group included 209 lung cancer patients who had undergone surgery at the Department of Surgery, Nagoya City University Hospital, between 2005 and 2012. The lung tumors were classified according to the General Rule for Clinical and Pathological Record of Lung Cancer (7th edition) in Japan. The samples were immediately frozen and stored at -80˚C until assayed. The blood from 10 healthy volunteers was used as a positive control. The institutional ethics board of Nagoya City University approved the study and written consent was obtained from the patients.
The clinical and pathological characteristics of the 209 lung cancer patients were: 113 cases at stage I, 44 at stage II and 52 cases at stage III-IV. The mean age was 66.3 years (range, 33-88). Of the 209 lung cancer patients, 190 (90.9%) were male and 19 (9.1%) were female. In total, 134 patients were diagnosed as having squamous cell carcinoma.
TaqMan PCR assays for NRF2 gene. Genomic DNA was extracted from peripheral blood samples using the Midi Blood DNA Extraction kit (Qiagen, Tokyo, Japan). Genomic DNA was also extracted from adjacent normal lung tissues using the Wizard ® SV Genomic DNA Purification System (Promega, Madison, WI, USA) according to the manufacturer's instructions. DNA concentration was determined by a spectrophotometer and adjusted to a concentration of 10 ng/ml. Three SNPs were analyzed: rs6726395 (A;VIC>G; FAM at first intron, assay ID C_155538_10), rs2364723 (C;VIC>G;FAM at first intron, assay ID C_351878_10) and rs6721961 (-617C>A, G;VIC, T; FAM at promoter region, custom designed). Genotyping was carried out using TaqMan PCR assays (Applied Biosystems, Warrington, UK) in 96-well arrays that included two blank wells as negative controls, according to the manufacturer's instructions. The TaqMan Pre-Designed SNP Genotyping assay and TaqMan MGB probes were used. TaqMan PCR and genotyping analyses were carried out on the Applied Biosystems 7500 Fast Real-Time PCR System. The reaction mixture was amplified in 1 µl of template DNA (10 ng/µl), 12.5 µl of 2X TaqMan Universal Master Mix, 0.625 µl of 20X primer/probe mix, and 10.875 µl of ddH 2 O in a volume of 25 µl. The cycling conditions were as follows: initial denaturation at 95˚C for 10 min, followed by 40 cycles at 95˚C for 15 sec and 58˚C for 1 min. The results were automatically analyzed on Applied Biosystems 7500 Real Time PCR System using an allelic discrimination assay program. If one of the three SNP statuses were not determined, the case was excluded. Approximately 10 cases were excluded from the criteria. test. The overall survival of lung cancer patients was examined by the Kaplan-Meier method and differences were examined by the log-rank test. The analysis was carried out using the Stat-View software package (Abacus Concepts, Inc., Berkeley, CA, USA). P<0.05 considered to indicate a statistically significant difference.
Results
The genotyping of NRF2 gene polymorphism in lung cancer of smokers was examined. Using the TaqMan probe sets for rs6721961, the SNP statuses were determined as follows: 114 were CC, 79 were CA and 16 were AA. No correlation was observed between SNP statuses and variables such as age, gender, pathological stages or FEV1. AA patients had more advanced stages when compared to CC patients (P=0.0373) ( Table I) . Using the TaqMan probe sets for rs2364723, the SNP statuses were determined as follows: 80 were CC, 83 were CG and 46 were GG. No correlation was noted between SNP statuses and variables including age, gender, pathological subtypes or stages. GG patients had a higher Brinkman index when compared to CC patients (P=0.0344) (Table II) . Mean ± standard deviation (SD) of FEV1 in patients with rs2364723 C/C, C/G and G/G was 2143.9±566.0, 2294.2±621.9 and 2335.4±685.5 ml, respectively, and there was a tendency towards a lower FEV1 in the C/C phenotype (P=0.0944). The mean FEV1 was significantly lower in the C/C phenotype (2143.9±566.0 ml) compared to that in C/G or G/G (2308.9±642.9 ml, P=0.05).
Using the TaqMan probe sets for rs6726395, the SNP statuses were determined as follows: 17 were AA, 66 were GA and 126 were GG. There was no correlation between SNP statuses and variables such as age, gender, pathological subtypes or stages (Table III) . The mean % FEV1 in patients with rs6726395 A/A, G/A and G/G was 66.7, 71.2 and 72.3%, respectively, and there was a significant difference between the A/A and G/G phenotypes (P=0.043). There was a tendency towards a lower mean FEV1 in the A/A phenotype (66.7±11.7%) when compared to that of A/G or G/G (71.9±10.7%, P=0.07).
The overall survival of 209 lung cancer patients from Nagoya City University, with follow-up through October 31, 2012, was studied in reference to the NRF2 gene polymorphism statuses. None of the three SNPs was identified as 
Discussion
Findings of the present study demonstrated that NRF2 gene SNP statuses were correlated with FEV1 loss. This finding was in agreement with results of recently conducted studies (20, 21) . Previous studies have documented that in both COPD and lung cancer, environmental factors such as CS interact with multiple polymorphic genes to influence susceptibility to disease. Only a fraction of smokers develop COPD and/or lung cancer (22) , suggesting a different individual susceptibility to the risk of COPD and/or lung cancer. Genes involved in the adjustment of oxidant and noxious compounds are likely to be important in gene environment interactions in COPD and lung cancer (23) . Continuous chronic exposure of tissues of the respiratory tract to CS generally confronts cellular defense systems and deposits trigger a pleiotropic adaptive response, aimed at restoring tissue homeostasis. In a recent study, it was suggested that a characteristic of this defense system was caused by the activation of the transcription factor NRF2, consequent to its established role as a master regulator of the cellular antioxidant response (24) . NRF2 regulates the expression of several genes encoding antioxidant and detoxification proteins or enzymes (11, 25) . Differences in the xenobiotic metabolism may contribute to the risk of developing both CODP and lung cancer (26, 27) . Common somatic mutations in the encoding region of the NRF2 gene resulting in increased cellular accumulation of NRF2 are associated with poor prognosis in squamous cell lung carcinoma (27, 28) . Exposure of mice to CS enhances oxidative damage and inflammation in the lung thorough disruption of the NRF2 gene (29) . Additionally, a significant decrease in the NRF2 protein level has been described in COPD (14, 17) . This observation suggested that different changes in the NRF2 pathway are involved in the development of COPD and lung cancer.
SNP rs2364723 was reported to associate with the level of FEV1 in the Siedlinski et al (20) cohort. Moreover, SNP rs2364723 is almost identical to the described promoter SNPs (30) , suggesting a role in the regulation of NRF2 transcription. The SNPs showed no significant effect on the level of FEV1 in never-smokers, thus the effects provided by NRF2 rs2364723 SNP were more prominent in smokers (20) . A stronger effect of the rs6726395 SNP on the annual FEV1 decline was observed in smokers compared to that in never-smokers (21) , indicating a gene-smoking interaction in FEV1 decrease. Such an interaction is reasonable as NRF2 activation protects tissues against oxidative stress. Although the rs6726395 is located in the first intron of the NRF2 Table III . Clinicopathological data of 209 lung cancer patients. gene, the mechanisms mediating the relationship between rs6726395 and FEV1 have yet to be determined (21) .
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